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IMPORTANCE—Low levels of vitamin D are associated with elevated blood pressure (BP) and 

future cardiovascular events. Whether vitamin D supplementation reduces BP and which patient 

characteristics predict a response remain unclear.

OBJECTIVE—To systematically review whether supplementation with vitamin D or its 

analogues reduce BP.

DATA SOURCES—We searched MEDLINE, CINAHL, EMBASE, Cochrane Central Register of 

Controlled Trials, and http://www.ClinicalTrials.com augmented by a hand search of references 

from the included articles and previous reviews. Google was searched for gray literature (ie, 

material not published in recognized scientific journals). No language restrictions were applied. 

The search period spanned January 1, 1966, through March 31, 2014.

STUDY SELECTION—We included randomized placebo-controlled clinical trials that used 

vitamin D supplementation for a minimum of 4 weeks for any indication and reported BP data. 

Studies were included if they used active or inactive forms of vitamin D or vitamin D analogues. 

Cointerventions were permitted if identical in all treatment arms.

DATA EXTRACTION AND SYNTHESIS—We extracted data on baseline demographics, 25-

hydroxyvitamin D levels, systolic and diastolic BP (SBP and DBP), and change in BP from 

baseline to the final follow-up. Individual patient data on age, sex, medication use, diabetes 

mellitus, baseline and follow-up BP, and 25-hydroxyvitamin D levels were requested from the 

authors of the included studies. For trial-level data, between-group differences in BP change were 

combined in a random-effects model. For individual patient data, between-group differences in BP 

at the final follow up, adjusted for baseline BP, were calculated before combining in a random-

effects model.

MAIN OUTCOMES AND MEASURES—Difference in SBP and DBP measured in an office 

setting.

RESULTS—We included 46 trials (4541 participants) in the trial-level meta-analysis. Individual 

patient data were obtained for 27 trials (3092 participants). At the trial level, no effect of vitamin 

D supplementation was seen on SBP (effect size, 0.0 [95% CI, −0.8 to 0.8] mm Hg; P = .97; I2 = 

21%) or DBP (effect size, −0.1 [95% CI, −0.6 to 0.5] mm Hg; P = .84; I2 = 20%). Similar results 

were found analyzing individual patient data for SBP (effect size, −0.5 [95% CI, −1.3 to 0.4] mm 

Hg; P = .27; I2 = 0%) and DBP (effect size, 0.2 [95% CI, −0.3 to 0.7] mm Hg; P = .38; I2 = 0%). 

Subgroup analysis did not reveal any baseline factor predictive of a better response to therapy.

CONCLUSIONS AND RELEVANCE—Vitamin D supplementation is ineffective as an agent 

for lowering BP and thus should not be used as an antihypertensive agent.

A wealth of observational data has demonstrated relationships between circulating vitamin 

D metabolite levels and blood pressure (BP). Lower 25-hydroxyvitamin D (25OHD) levels 

are associated with higher BP levels in cross-sectional studies1,2 and with increased rates of 

incident hypertension.3 Such observations are underpinned by a number of biologically 

plausible mechanisms and the fact that vitamin D receptors are found on endothelial cells, 

smooth muscle cells, and myocytes.4 Vitamin D has been shown to improve endothelial 

function in some studies,5,6 reduce the production of proinflammatory cytokines,7 reduce 

activity of the renin-angiotension-aldosterone system, and reduce parathyroid hormone 
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(PTH) levels.8 Parathyroid hormone has been posited as vasculotoxic in its own right. Any 

or all of these mechanisms therefore potentially mediate an effect of vitamin D on BP levels.

Intervention studies to date have produced conflicting evidence on the BP-lowering effect of 

vitamin D. One previous meta-analysis9 based on a number of small trials demonstrated a 

modest but significant decrease in BP in studies in which the mean BP reading was elevated 

at baseline; another meta-analysis10 conducted at a similar time did not demonstrate a 

significant effect of vitamin D supplementation on BP; and a more recent meta-analysis11 

showed a small decrease in diastolic BP (DBP) but not systolic BP (SBP). Although the 

effects of vitamin D on BP appeared to be small in previous meta-analyses, even a modest 

improvement in BP would be of public health importance because widespread 

supplementation with vitamin D would be an inexpensive intervention. Furthermore, 

selected subgroups (eg, nonwhite populations and those with very low 25OHD levels) could 

benefit to a greater extent, potentially making vitamin D part of the therapeutic 

armamentarium in treating individuals with hypertension.

In the 5 years since the first meta-analyses were published, a proliferation of randomized 

clinical trials has studied vitamin D and cardiovascular health. We therefore sought to update 

a systematic review of randomized clinical trials9 to evaluate whether vitamin D 

supplementation reduces BP when compared with placebo across a range of study 

populations and vitamin D analogues. We also sought to perform an individual patient data 

meta-analysis to explore further which subgroups of patients might derive the greatest 

benefit.

Methods

Review Design

We conducted a systematic review based on a predefined protocol. The protocol was 

registered with the PROSPERO International Prospective Register of Systematic Reviews 

(http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42012002816). 

Institutional review board approval was not required, and data were deidentified at the 

source before transfer. We included randomized clinical trials that reported BP or other 

measures of vascular function, including arterial stiffness, endothelial function, and left 

ventricular mass index, as outcomes. We searched MEDLINE, CINAHL, EMBASE, the 

Cochrane Central Register of Controlled Trials, and http://www.ClinicalTrials.com using our 

strategy. We also searched for gray literature (ie, material not published in recognized 

scientific journals) using Google and hand searched the references of included articles and 

previous reviews of vitamin D therapy. No language restrictions were applied to eligible 

reports. The search period spanned January 1, 1966, through March 31, 2014. Two of us 

(L.A.B. and M.D.W.) conducted the search.

Search Strategy

Search terms included vitamin D, vitamin D3, vitamin D2, cholecalciferol, ergocalciferol, 
alphacalcidol, alfacalcidol, paricalcitol, and doxercalciferol combined with blood pressure, 

hypertension, cardiovascular, mortality, randomized controlled trials, or placebo. The 
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electronic search strategy used for MEDLINE is described in the eAppendix in the 

Supplement.

Study Selection

We considered studies with participants with any reported baseline 25OHD level. Studies 

with BP reduction or changes in surrogate markers of cardiovascular risk were included; a 

minimum of 4 weeks of therapy was necessary for inclusion in the review to ensure that the 

intervention had sufficient time to produce an effect. We included the following 

interventions: vitamin D2 (ergocalciferol), vitamin D3 (cholecalciferol), calcitriol (1,25-

hydroxyvitamin D3), 1-α-hydroxylated versions of vitamin D, paricalcitol, and 

doxerocalciferol. Control groups receiving placebo were used, and those receiving placebo 

plus a cointervention were included if both arms of the study received the cointervention. 

Studies from primary and secondary care or population settings were included. We placed no 

restrictions on sex or ethnicity. We did not include any studies recruiting participants 

younger than 16 years or studying patients who were receiving dialysis. The primary 

outcome of the meta-analysis was the change in office-measured SBP and DBP readings 

from baseline through follow-up.

Data Extraction

Two researchers (L.A.B. and M.D.W.) independently extracted data from all trial reports 

with data collection forms used in a previous systematic review.9 Differences were resolved 

by consensus. The following data were recorded for all eligible studies: sex, age, smoking 

status, social class, ethnic group/skin color, functional status/dwelling place, diabetes 

mellitus status and glycated hemoglobin level, kidney function, history of cardiovascular 

events, history of hypertension, baseline BP reading, and baseline use of angiotensin-

converting enzyme (ACE) inhibitors, angiotensin receptor blockers, statins, and aspirin. For 

use in this analysis, we recorded change in office-measured SBP and DBP readings and 

change in 24-hour BP as outcome measures. We contacted the study authors to provide 

missing data or to clarify data that were unclear from primary reports.

IPD Collection

For all eligible studies, the authors were approached to provide individual patient data to 

conduct subgroup analyses by baseline characteristics at the patient level, in particular by 

baseline 25OHD level, baseline medication use, baseline BP level, and the presence of 

diabetes mellitus. The following data were requested for each patient: age; sex; body mass 

index; ethnicity; month of recruitment; SBP and DBP readings at baseline and follow-up; 

vitamin D supplement given (type, dose, frequency, and duration); baseline 25OHD level 

(and follow-up 25OHD level if available); baseline and posttreatment levels of PTH, serum 

calcium/albumin, total cholesterol, and high-density lipoprotein cholesterol levels; diagnosis 

of diabetes mellitus, previous stroke, or myocardial infarction at baseline; and whether 

patients were receiving an ACE inhibitor, statin, or angiotensin receptor antagonist at 

baseline.
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Risk for Bias Assessment

We assessed each included study for risk for bias using fields from the Delphi checklist12 to 

assess the following variables: quality of random allocation concealment, intention-to-treat 

analysis, blinding of outcome assessors, treatment and control group comparability, clear 

definition of inclusion and exclusion criteria, participant blinding to allocation, and 

description of withdrawals and dropouts. We generated funnel plots to examine possible 

publication bias; these were supplemented by formal statistical testing using the Egger test.
13 Study quality was assessed independently by 2 of us (L.A.B. and M.D.W.), and 

discrepancies were resolved by consensus.

Strategy for Data Synthesis

We performed the meta-analysis at the trial level using commercially available software 

(Comprehensive Meta-analysis; Biostat). We used the weighted squares method with 

random-effects models in all cases. For all treatment effects, a negative value denotes a 

reduction in BP with the intervention compared with placebo. For each analysis at the trial 

level, the mean change from baseline to the last follow-up reported was compared between 

groups because these data were most commonly supplied in trial-level reports. For studies 

with more than 1 vitamin D group, the highest dose of vitamin D or an analogue was 

compared with the control group; intermediate dose groups did not undergo analysis. 

Heterogeneity was assessed using the I2 test. Preplanned subgroup analyses were performed 

to examine the effects of different preparations of vitamin D, dose ranges, and baseline BP. 

Degree of change in BP was regressed against baseline BP, trial duration, daily dose 

equivalent of vitamin D given, and mean baseline 25OHD level.

For the individual patient data analysis, a 2-stage analysis was performed, as recommended 

by Riley et al.14 For each study, the mean BP values for each group at the final follow-up 

were calculated and adjusted for baseline values using analysis of covariance (SPSS, version 

21; IBM). These values were then combined using weighted least-squares random-effects 

models with commercially available software (Rev-Man 5.3; Cochrane Collaboration). For 

studies with more than 1 vitamin D dose, patients taking the highest dose were compared 

with those taking a placebo; patients taking the lower dose were excluded from the analysis. 

We performed the following prespecified patient-level subgroup analyses using these 

methods: diabetes mellitus vs no diabetes mellitus; ACE inhibitor vs no ACE inhibitor; 

baseline SBP of no greater than 140 mm Hg vs greater than 140 mm Hg; DBP of no greater 

than 90 mm Hg vs greater than 90 mm Hg; baseline PTH level of no greater than vs greater 

than the median level for the individual patient data set; and baseline 25OHD level of less 

than 10, 10 to 20, and greater than 20 ng/mL (to convert to nanomoles per liter, multiply by 

2.496). For analyses of ACE inhibitor use, patients taking angiotensin receptor blockers 

were excluded given the similar but not identical biological effect of these agents. 

Exploratory post hoc analyses were undertaken for subgroups with combinations of risk 

factors (high BP, low 25OHD levels, and higher PTH levels), nonwhite participants, and 

summer vs winter enrollment. The northern hemisphere summer was defined as June 

through August and winter as December through February, with the definitions inverted for 

southern hemisphere studies.
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Results

Details of the search process are given in Figure 1. We included 52 studies in the systematic 

review5,7,15–63; 46 of these studies* yielded data that could be combined in the trial-level 

meta-analysis. Six studies used mean arterial pressure or reported median BP readings, and 

we were unable to obtain mean readings from the authors. We successfully obtained 27 data 

sets for the individual patient data analysis. For the trials from which we did not succeed in 

obtaining individual patient data, 2 author groups felt unable to share their data, 1 author 

group agreed but did not supply data, and in all other cases, authors did not respond to 

requests or could not be contacted. Details of all included studies are given in eTable 1 in the 

Supplement. Six trials15–19,33 used 1-α-hydroxylated vitamin D derivatives or calcitriol; 4 

trials,23,29,49,62 paricalcitol; and the other trials, ergocalciferol or cholecalciferol.

Quality Assessment and Publication Bias

Results of the quality assessments performed by assessing the risk for bias across a range of 

domains are shown in eTable 2 in the Supplement. Allocation concealment was deemed 

adequate in 51 of 52 trials,5,7,15–32,34–63 and most trials had adequate blinding for 

participants (49 of 52),5,7,16–32,34–45,47–63 other health care staff (49 of 52),
5,7,16–32,34–45,47–63 and outcomes assessment (46 of 52).† Only 22 of 52 trials‡ clearly 

described analysis on intention to treat. Of the 30 trials in which intention to treat was not 

well described, 19 trials did not perform analyses on an intention-to-treat basis. Visual 

inspection of the funnel plot for SBP treatment effect (eFigure 1 in the Supplement) revealed 

no obvious asymmetry to suggest publication bias; results of the Egger test were not 

significant (P = .62).

Main Outcome Measures for Trial-Level Data

Meta-analysis of the change in BP between baseline and the final follow-up for each trial 

revealed no clinically or statistically significant effect on SBP (treatment effect, 0.0 [95% 

CI, −0.8 to 0.8] mm Hg; P = .97; I2 = 21%) or DBP (treatment effect, −0.1 [95% CI, −0.6 to 

0.5] mm Hg; P = .84; I2 = 20%). Forest plots for the overall effect of treatment on SBP and 

DBP are presented in Figure 2 and eFigure 2 in the Supplement, respectively. Prespecified 

subgroup analyses are shown in Table 1; analysis by baseline BP category, type of 

intervention, dose interval, or baseline 25OHD category did not affect the results 

significantly.

Trial-Level Meta-regression

No significant relationship was found at the trial level between SBP treatment effect and 

mean baseline SBP (slope, 0.016 [95% CI, −0.037 to 0.069] mm Hg per 1–mm Hg increase 

of baseline SBP measurement; P = .55) (eFigure 3 in the Supplement), baseline 25OHD 

level (slope, 0.003 [95% CI, −0.014 to 0.021] mm Hg per 1-ng/mL increase of baseline 

25OHD level; P = .70), baseline PTH level (slope, −0.009 [95% CI −0.036 to 0.053] mm Hg 

*References 5, 15–18, 21, 22, 24–36, 39–63
†References 5, 7, 17, 19–32, 34–43, 45, 47–63
‡References 16, 18, 21–24, 28, 29, 32, 34, 41, 43, 45, 48, 51, 53, 55–57, 59, 62, 63
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per 1-pg/mL increase of baseline PTH level; P = .53) (to convert to micromoles per liter, 

divide by 9.43), or trial duration (slope, 0.007 [95% CI, −0.005 to 0.019] mm Hg per month 

of the trial; P = .27). Similarly, for trials using vitamin D3, no significant relationship was 

found on meta-regression between SBP treatment effect and the daily dose equivalent used 

as treatment (slope, −0.001 [95% CI, −0.018 to 0.018] mm Hg per 1-U dose of vitamin D3; 

P = .93). Small numbers of trials precluded meta-regression of the daily dose effects of 

vitamin D2, paricalcitol, or 1-α-hydroxylated vitamin D derivatives. Meta-regression of the 

DBP treatment effect against baseline variables similarly showed no significant relationships 

for mean baseline DBP (slope, 0.001 [95% CI, −0.003 to 0.006] mm Hg per 1–mm Hg 

increase in baseline DBP; P = .54), baseline 25OHD level (slope, −0.001 [95% CI, −0.005 to 

0.003] mm Hg per 1-ng/mL increase of baseline 25OHD level; P = .67), baseline PTH level 

(slope, −0.020 [95% CI, −0.051 to 0.011] mm Hg per 1-pg/mL increase of baseline PTH 

level; P = .21), trial duration (slope, 0.007 [95% CI, −0.005 to 0.020] mm Hg per month of 

trial; P = .23), and daily dose equivalent (slope, 0.000 [95% CI, 0.000 to 0.001] mm Hg per 

1-U dose of vitamin D3; P = .34).

Individual Patient Data Analyses

Analyses of the individual patient data sets for SBP and DBP are shown in Figure 3 and 

eFigure 4 in the Supplement, respectively, with subgroup analyses shown in Table 2. The 

overall treatment effect derived from the individual patient data sets was similar to that 

derived from the trial-level data, despite the use of a smaller number of trials, for SBP 

(treatment effect, −0.4 [95% CI, −1.2 to 0.4] mm Hg; P = .27; I2 = 0%) and DBP (treatment 

effect, −0.2 [95% CI, −0.7 to 0.3] mm Hg; P = .38; I2 = 0%). In subgroup analyses, no 

significant differences were seen between patients with or without diabetes mellitus, 

between those taking or not taking ACE inhibitors or by subgroups of baseline BP, PTH 

level, or 25OHD level (Table 2).

Analysis of the small group of patients with a combination of baseline factors potentially 

most likely to benefit (SBP >140 mm Hg; 25OHD level <10 ng/mL; and PTH level >217 

pg/mL) showed no evidence of benefit (60 patients; treatment effect on SBP, 2.7 [95% CI, 

−5.0 to 10.4] mm Hg, P = .49; I2 = 0%). Similarly, analysis of participants of nonwhite 

ethnicity (n = 214) showed no evidence of benefit for SBP (treatment effect, 2.2 [95% CI, 

−1.1 to 5.4] mm Hg; P = .19; I2 = 28%) and DBP (treatment effect, 0.4 [95% CI, −1.7 to 2.6] 

mm Hg; P = .70; I2 = 11%). Comparison of patients recruited during the summer and winter 

months did not reveal any significant differences between the SBP treatment effect for the 

summer (−1.1 [95% CI, −4.1 to 2.0] mm Hg; P = .50; I2 = 37) or for the winter (1.3 [95% 

CI, −1.4 to 4.0] mm Hg; P = .35, I2 = 60%) or between the DBP treatment effect for the 

summer (1.4 [95% CI, −0.4 to 3.2] mm Hg; P = .11; I2 = 38%) or for the winter (0.8 [95% 

CI, −0.1 to 1.6] mm Hg; P = .07; I2 = 0%).

Discussion

Our analysis found no evidence of BP reduction by supplementation with vitamin D or 

vitamin D analogues, a result that was consistent between the trial-level and individual 

patient data analyses. Subgroup analyses found no evidence of BP reduction in patients with 
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elevated baseline BP or in patients with diabetes mellitus; in addition, we found no 

relationship between the effect of supplementation on BP and the use of ACE inhibitors, 

baseline 25OHD level, baseline BP, or baseline PTH level. The narrow CIs around the main 

result suggest that a clinically significant reduction in BP is unlikely based on the doses of 

vitamin D studied in this analysis; the lack of effect argues against a role for vitamin D 

supplementation as a means of BP control in individual patients or as a population-based 

intervention to reduce BP. These results are broadly consistent with those of previous meta-

analyses,9–11 although they contrast with the small reduction in BP in trials with high 

baseline BP found in a previous meta-analysis.9 However, our analysis includes a much 

larger number of studies than previous analyses and therefore a larger number of patients 

and a larger range of doses. Our use of individual patient data allowed us to examine 

whether particular subgroups might still benefit from vitamin D supplementation, which 

previous analyses have not been able to address.

Although the number of included patients is greater than in previous meta-analyses and the 

use of individual patient data has allowed analysis of subgroups, limitations to this 

systematic review remain. The included studies are almost all single-center trials, and most 

are of modest size; none recruited more than 1000 patients. As a result, baseline imbalances 

between trials were common, and such imbalances are difficult to correct for fully, even with 

individual patient data analysis.14 Not all studies were of high quality; we noted deficiencies 

in intention to treat and in reporting of masking and allocation concealment. All eligible 

studies may not have been included, although our wide search strategy, contact with leading 

authors in the field, lack of a language restriction, and search of the gray literature 

minimized this issue. Nevertheless, other BP data may exist (eg, from osteoporosis trials) 

that have not been published yet and that we have been unable to locate.64 An additional 

limitation is the small number of trials that have specifically targeted patients with 

hypertension at baseline; such patients perhaps would be more likely to respond to 

antihypertensive interventions. We did not see an effect of vitamin D supplementation even 

in this subgroup, although the high level of background treatment with antihypertensives and 

other cardiovascular medications known to interact with vitamin D (eg, statins) may again 

obscure detection of small treatment effects.

Debate continues as to what level of 25OHD constitutes a biological optimum and what 

level of vitamin D supplementation is necessary to achieve that optimum. Levels of more 

than 30 ng/mL have been postulated as necessary for optimum health,65 but such levels are 

based on observational data and do not indicate the level required for maximal 

antihypertensive effects. Levels of vitamin D supplementation required to reach such levels 

vary widely depending on age, sex, obesity, and baseline 25OHD levels; doses ranging from 

1600 to more than 5000 IU/d have been advocated as necessary.66,67 Most doses studied in 

this review were at or below the lower end of this range, and several studies used 

intermittent dosing (weekly, monthly, or less frequent). Intermittent doses may have different 

biological effects68 when compared with smaller regular doses; intermittent doses appeared 

to be less effective at reducing the incidence of respiratory tract infection in a recent 

systematic review,69 although no such effect was evident for BP reduction in our analysis. 

Although larger, more frequent doses of vitamin D might still have effects on reducing BP, 

we found no evidence of a dose-response relationship in our analyses. Furthermore, most 
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studies included participants of European ancestry, and beneficial effects cannot be excluded 

in other ethnic groups, although our subgroup analysis did not find evidence to support such 

exclusion.

The results of this analysis add to the growing body of literature casting doubt on the ability 

of vitamin D supplementation to influence health outcomes beyond falls, fractures, and 

possibly respiratory tract infection and all-cause mortality.69,70 Recent analyses have shown 

that although observational data suggest an association between low 25OHD levels and 

cardiovascular events, diabetes mellitus, and many cancers, intervention data do not support 

an effect across most of these diseases.71 This lack of effect may exist in part because of the 

difficulty in fully disentangling low 25OHD levels from other closely associated factors (eg, 

aging, obesity, smoking, inactivity) that affect 25OHD levels and promote disease, but also 

in part because not all studies have targeted patients with the lowest circulating 25OHD 

levels. Another possibility is that 25OHD is a consequence, rather than a cause, of disease or 

disease precursor states; inflammatory responses have been shown to acutely reduce 25OHD 

levels,72 although whether chronic inflammation caused by subclinical disease can have the 

same effect is not known. Vitamin D may have beneficial actions on cardiovascular health 

that are not captured by office brachial artery BP measurement, which has been argued to be 

less reliable than other measures, such as ambulatory BP measurement or central aortic BP 

measurement, although previous work suggests that the central effects of antihypertensives 

may be smaller than effects on peripherally measured BP.73 Alternative mechanisms of 

action of vitamin D, such as alteration of endothelial function or markers of 

thrombogenicity, have been postulated,5,56 and trials examining vascular events as the 

primary outcome are still required to examine these possibilities. Such trials of vitamin D 

supplementation are now under way in Finland, New Zealand, and the United States, and the 

results of these trials should further clarify the position of vitamin D in the cardiovascular 

therapeutic armamentarium. Recent data from a large mendelian randomization study74 

suggest that alleles linked to higher circulating 25OHD levels are associated with slightly 

lower SBP and DBP and a lower risk for hypertension. These findings are not inconsistent 

with our results, however; mendelian randomization studies are predicated on the alleles in 

question having no effects on the vascular system other than their effect on 25OHD levels, 

which may not be the case for the alleles tested (cytochrome CYP21R and DHCR7, a 

cholesterol-metabolizing gene). Furthermore, differences in 25OHD levels seen in 

mendelian randomization studies are likely to have been present since birth given the genetic 

influences being tested, and exposure of the vascular tree to higher levels of 25OHD during 

development and in subsequent decades may have small beneficial effects that cannot be 

replicated in shorter-term intervention studies.

Conclusion

The results of this analysis do not support the use of vitamin D or its analogues as an 

individual patient treatment for hypertension or as a population-level intervention to lower 

BP. The lack of efficacy of vitamin D treatment on blood pressure also argues against routine 

measurement of 25OHD levels in patients with hypertension.
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Figure 1. PRISMA Diagram of Study Selection
Gray literature indicates material not published in recognized scientific journals; BP, blood 

pressure; DBP, diagnostic BP; RCT, randomized clinical trial; and SBP, systolic BP.
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Figure 2. Results of Trial-Level Meta-analysis for Systolic Blood Pressure Outcomes
Different sizes of data markers correspond to the relative weight assigned in the pooled 

analysis. Diamond marker indicates the overall result.
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Figure 3. Results of Individual Patient Data Analysis Using Final Systolic Blood Pressure (BP) 
Adjusted for Baseline BP
Different sizes of data markers correspond to the relative weight assigned in the pooled 

analysis. Diamond marker indicates the overall result.
aStudy was completed in the year before publication.

Beveridge et al. Page 18

JAMA Intern Med. Author manuscript; available in PMC 2018 May 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Beveridge et al. Page 19

Ta
b

le
 1

T
ri

al
 L

ev
el

 R
es

ul
ts

 o
f 

M
et

a-
an

al
ys

is

V
ar

ia
bl

e
N

o.
 o

f 
T

ri
al

s
N

o.
 o

f 
P

at
ie

nt
s

E
ff

ec
t 

Si
ze

 (
95

%
 C

I)
, m

m
 H

g
P

 V
al

ue
I2 ,

 %
B

et
w

ee
n-

G
ro

up
 P

 V
al

ue

Sy
st

ol
ic

 B
lo

od
 P

re
ss

ur
e

O
ve

ra
ll

46
45

41
  0

.0
 (

−
0.

8 
to

 0
.8

)
.9

7
21

N
A

M
ea

n 
ba

se
lin

e 
SB

P 
>

14
0 

m
m

 H
g

16
13

61
−

0.
7 

(−
3.

2 
to

 1
.7

)
.5

5
38

.5
4

M
ea

n 
ba

se
lin

e 
SB

P 
≤1

40
 m

m
 H

g
30

31
80

  0
.1

 (
−

0.
6 

to
 0

.9
)

.7
7

11

V
ita

m
in

 D
2 

an
d 

D
3 

su
pp

le
m

en
ts

38
40

58
  0

.0
 (

−
0.

9 
to

 0
.9

)
.9

7
26

N
A

1-
α

-H
yd

ro
xy

la
te

d 
vi

ta
m

in
 D

 d
er

iv
at

iv
es

  5
  1

91
−

1.
6 

(−
6.

3 
to

 7
.1

)
.5

0
  4

.6
4

Pa
ri

ca
lc

ito
l

  3
  2

92
  1

.4
 (

−
3.

3 
to

 6
.1

)
.5

6
  0

.5
7

M
ea

n 
ba

se
lin

e 
25

O
H

D
 le

ve
l ≤

20
 n

g/
m

L
27

25
55

−
0.

7 
(−

2.
2 

to
 0

.7
)

.3
1

38
.3

1
M

ea
n 

ba
se

lin
e 

25
O

H
D

 le
ve

l >
20

 n
g/

m
L

13
17

23
  0

.1
 (

−
0.

4 
to

 0
.6

)
.7

5
  0

D
ai

ly
 d

os
in

g
16

15
22

−
0.

7 
(−

2.
5 

to
 1

.0
)

.4
1

24
N

A

W
ee

kl
y/

fo
rt

ni
gh

tly
 d

os
in

g
  8

13
03

  1
.3

 (
−

0.
1 

to
 2

.6
)

.0
7

  0
.0

7

M
on

th
ly

 o
r 

le
ss

 f
re

qu
en

t d
os

in
g

14
12

16
−

0.
2 

(−
1.

6 
to

 1
.2

)
.7

6
28

.6
6

D
ia

st
ol

ic
 B

lo
od

 P
re

ss
ur

e

O
ve

ra
ll

45
44

34
−

0.
1 

(−
0.

6 
to

 0
.5

)
.8

4
20

N
A

M
ea

n 
ba

se
lin

e 
SB

P 
>

14
0 

m
m

 H
g

14
10

74
−

0.
4 

(−
2.

1 
to

 1
.3

)
.6

1
55

.6
5

M
ea

n 
ba

se
lin

e 
SB

P 
≤1

40
 m

m
 H

g
30

31
80

  0
.0

 (
−

0.
4 

to
 0

.3
)

.8
5

  0

V
ita

m
in

s 
D

2 
an

d 
D

3 
su

pp
le

m
en

ts
37

39
51

  0
.1

 (
−

0.
3 

to
 0

.5
)

.6
5

  4
N

A

1-
α

-H
yd

ro
xy

la
te

d 
vi

ta
m

in
 D

 d
er

iv
at

iv
es

  5
  1

91
−

3.
5 

(−
6.

8 
to

 −
0.

1)
.0

4
54

.0
4

Pa
ri

ca
lc

ito
l

  2
  1

12
−

1.
0 

(−
3.

9 
to

 1
.9

)
.5

0
  0

.4
6

M
ea

n 
ba

se
lin

e 
25

O
H

D
 le

ve
l ≤

20
 n

g/
m

L
26

23
75

  0
.2

 (
−

0.
5 

to
 1

.0
)

.5
4

17
.5

0
M

ea
n 

ba
se

lin
e 

25
O

H
D

 le
ve

l >
20

 n
g/

m
L

12
16

16
−

0.
1 

(−
0.

5 
to

 0
.4

)
.6

9
  0

D
ai

ly
 d

os
in

g
16

14
66

−
0.

5 
(−

1.
5 

to
 0

.4
)

.2
6

23
N

A

W
ee

kl
y/

fo
rt

ni
gh

tly
 d

os
in

g
  8

13
03

  0
.6

 (
−

0.
4 

to
 1

.5
)

.2
3

  0
.1

1

M
on

th
ly

 o
r 

le
ss

 f
re

qu
en

t d
os

in
g

14
12

13
  0

.0
 (

−
0.

4 
to

 0
.5

)
.8

4
  0

.3
5

A
bb

re
vi

at
io

ns
: S

B
P,

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e;

 N
A

, n
ot

 a
pp

lic
ab

le
; 2

5O
H

D
, 2

5-
hy

dr
ox

yv
ita

m
in

 D
.

SI
 c

on
ve

rs
io

n 
fa

ct
or

: T
o 

co
nv

er
t 2

5O
H

D
 to

 n
an

om
ol

es
 p

er
 li

te
r, 

m
ul

tip
ly

 b
y 

2.
49

6.

JAMA Intern Med. Author manuscript; available in PMC 2018 May 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Beveridge et al. Page 20

Ta
b

le
 2

R
es

ul
ts

 o
f 

In
di

vi
du

al
 P

at
ie

nt
 D

at
a 

M
et

a-
an

al
ys

is

V
ar

ia
bl

e
N

o.
 o

f 
P

at
ie

nt
s

E
ff

ec
t 

Si
ze

 (
95

%
 C

I)
, m

m
 H

g
P

 V
al

ue
I2 ,

%
P

 V
al

ue
a

Sy
st

ol
ic

 B
lo

od
 P

re
ss

ur
e

O
ve

ra
ll

30
92

−
0.

5 
(−

1.
3 

to
 0

.4
)

.2
7

  0
N

A

B
as

el
in

e 
SB

P 
>

14
0 

m
m

 H
g

  9
26

  0
.1

 (
−

2.
5 

to
 2

.6
)

.9
7

33
.8

4
B

as
el

in
e 

SB
P 

≤1
40

 m
m

 H
g

21
48

−
0.

6 
(−

1.
5 

to
 0

.3
)

.1
8

  0

B
as

el
in

e 
25

O
H

D
 le

ve
l <

10
 n

g/
m

L
  4

27
−

0.
4 

(−
3.

0 
to

 2
.3

)
.8

0
14

N
A

B
as

el
in

e 
25

O
H

D
 le

ve
l 1

0–
20

 n
g/

m
L

12
89

−
0.

7 
(−

2.
0 

to
 0

.6
)

.3
1

  0
.8

3

B
as

el
in

e 
25

O
H

D
 le

ve
l >

20
 n

g/
m

L
13

31
−

0.
2 

(−
1.

8 
to

 1
.3

)
.7

7
26

.9
5

D
ia

be
te

s 
m

el
lit

us
  3

53
  1

.1
 (

−
2.

9 
to

 5
.1

)
.5

8
50

.4
6

N
o 

di
ab

et
es

 m
el

lit
us

27
28

−
0.

4 
(−

1.
3 

to
 0

.4
)

.3
5

  0

U
si

ng
 A

C
E

 in
hi

bi
to

rs
  4

75
−

1.
4 

(−
3.

7 
to

 1
.0

)
.2

4
  1

.3
1

N
ot

 u
si

ng
 A

C
E

 in
hi

bi
to

rs
14

85
  0

.1
 (

−
1.

4 
to

 1
.6

)
.9

4
29

B
as

el
in

e 
PT

H
 le

ve
l >

21
7 

pg
/m

L
13

18
−

0.
8 

(−
2.

1 
to

 0
.5

)
.2

3
  0

.7
6

B
as

el
in

e 
PT

H
 le

ve
l ≤

21
7 

pg
/m

L
13

64
−

0.
5 

(−
2.

1 
to

 1
.2

)
.5

8
37

B
as

el
in

e 
ad

ju
st

ed
 s

er
um

 c
al

ci
um

 le
ve

l >
9.

2 
m

g/
dL

12
67

−
1.

0 
(−

2.
3 

to
 0

.4
)

.1
7

  0
.3

9
B

as
el

in
e 

ad
ju

st
ed

 s
er

um
 c

al
ci

um
 le

ve
l ≤

9.
2 

m
g/

dL
13

40
  0

.2
 (

−
2.

2 
to

 2
.6

)
.8

6
64

D
ia

st
ol

ic
 B

lo
od

 P
re

ss
ur

e

O
ve

ra
ll

30
75

  0
.2

 (
−

0.
3 

to
 0

.7
)

.3
8

  0
N

A

B
as

el
in

e 
D

B
P 

>
90

 m
m

 H
g

  3
15

−
0.

2 
(−

3.
3 

to
 2

.9
)

.9
0

52
.8

3
B

as
el

in
e 

D
B

P 
≤9

0 
m

m
 H

g
27

36
  0

.1
 (

−
0.

4 
to

 0
.7

)
.6

0
  0

B
as

el
in

e 
25

O
H

D
 le

ve
l <

10
 n

g/
m

L
  4

27
−

1.
2 

(−
2.

4 
to

 0
.0

)
.0

5
46

N
A

B
as

el
in

e 
25

O
H

D
 le

ve
l 1

0–
20

 n
g/

m
L

12
89

−
0.

2 
(−

1.
0 

to
 0

.6
)

.6
6

  0
.1

1

B
as

el
in

e 
25

O
H

D
 le

ve
l >

20
 n

g/
m

L
13

28
  0

.2
 (

−
0.

5 
to

 0
.9

)
.5

0
23

.0
3

D
ia

be
te

s 
m

el
lit

us
  3

42
  1

.2
 (

−
0.

1 
to

 3
.4

)
.2

8
36

.3
2

N
o 

di
ab

et
es

 m
el

lit
us

27
22

  0
.1

 (
−

0.
4 

to
 0

.6
)

.8
1

  0

U
si

ng
 A

C
E

 in
hi

bi
to

rs
  4

75
  0

.1
 (

−
1.

3 
to

 1
.5

)
.9

2
  0

.6
4

N
ot

 u
si

ng
 A

C
E

 in
hi

bi
to

rs
14

82
  0

.4
 (

−
0.

2 
to

 1
.1

)
.1

9
43

JAMA Intern Med. Author manuscript; available in PMC 2018 May 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Beveridge et al. Page 21

V
ar

ia
bl

e
N

o.
 o

f 
P

at
ie

nt
s

E
ff

ec
t 

Si
ze

 (
95

%
 C

I)
, m

m
 H

g
P

 V
al

ue
I2 ,

%
P

 V
al

ue
a

B
as

el
in

e 
PT

H
 le

ve
l >

21
7 

pg
/m

L
13

24
  0

.0
 (

−
0.

8 
to

 0
.8

)
.9

9
  0

.8
0

B
as

el
in

e 
PT

H
 le

ve
l ≤

21
7 

pg
/m

L
13

62
  0

.2
 (

−
0.

7 
to

 1
.0

)
.7

0
10

B
as

el
in

e 
ad

ju
st

ed
 s

er
um

 c
al

ci
um

 le
ve

l >
9.

2 
m

g/
dL

12
66

  0
.1

 (
−

0.
7 

to
 0

.9
)

.7
3

  0
.2

2
B

as
el

in
e 

ad
ju

st
ed

 s
er

um
 c

al
ci

um
 le

ve
l ≤

9.
2 

m
g/

dL
13

40
  1

.1
 (

−
0.

3 
to

 2
.4

)
.1

2
54

A
bb

re
vi

at
io

ns
: A

C
E

, a
ng

io
te

ns
in

 c
on

ve
rt

in
g 

en
zy

m
e;

 D
B

P,
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e;

 N
A

, n
ot

 a
pp

lic
ab

le
; P

T
H

, p
ar

at
hy

ro
id

 h
or

m
on

e;
 S

B
P,

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e;

 2
5O

H
D

, 2
5-

hy
dr

ox
yv

ita
m

in
 D

.

SI
 c

on
ve

rs
io

n 
fa

ct
or

s:
 T

o 
co

nv
er

t c
al

ci
um

 to
 m

ill
im

ol
es

 p
er

 li
te

r, 
m

ul
tip

ly
 b

y 
0.

25
; P

T
H

 to
 p

ic
om

ol
es

 p
er

 li
te

r, 
di

vi
de

 b
y 

9.
43

; a
nd

 2
5O

H
D

 to
 m

ill
im

ol
es

 p
er

 li
te

r, 
m

ul
tip

ly
 b

y 
2.

49
6.

a P 
va

lu
es

 f
or

 S
B

P 
ar

e 
ca

lc
ul

at
ed

 f
or

 b
et

w
ee

n-
gr

ou
p 

in
te

ra
ct

io
n;

 f
or

 D
B

P,
 f

or
 in

te
ra

ct
io

n.

JAMA Intern Med. Author manuscript; available in PMC 2018 May 23.


	Abstract
	Methods
	Review Design
	Search Strategy
	Study Selection
	Data Extraction
	IPD Collection
	Risk for Bias Assessment
	Strategy for Data Synthesis

	Results
	Quality Assessment and Publication Bias
	Main Outcome Measures for Trial-Level Data
	Trial-Level Meta-regression
	Individual Patient Data Analyses

	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2



